On 2 April of this year, President Obama announced the creation of the BRAIN initiative (Brain Research through Advancing Innovative Neurotechnologies) with a goal of accelerating the development and application of innovative new technologies to construct a dynamic picture of brain function that integrates neuronal and circuit activity over time and space. Over the last 50 years, the scientists and engineers of America have mounted successful responses to similar targeted grand challenges: a ten year effort culminated in 1969 with putting the first man on the moon, and by 2003 the human genome was declared to be completely mapped. Now a gauntlet has been thrown at the feet of neuroscientists and neuroengineers to respond to another grand challenge: understanding the human brain. Although each individual reading this journal is likely to have a unique appreciation of just what it means to 'understand the human brain', it is clear that neuroengineers are playing an increasingly important role in moving science towards this ultimate understanding.
The 2012 Neural Interfaces Conference (NIC), held in Salt Lake City from 18 to 20 June, brought together neuroengineers, physicians and neuroscientists from around the world to present their recent work on a number of key elements that are directly relevant to this challenge: new devices and new therapeutic approaches that will be and are impacting disorders of the nervous system. This emerging field of neuroprosthetics is highly translational, moving from explorations of neural circuitry using new neural interfaces in animal models, to potential applications conducted in human volunteers. It was clear to those attending the conference that progress in this field is accelerating, and that we can expect clinically ready devices and clinical trials to begin in the next few years.
Papers presented at this meeting dealt not only with the presentations of new devices and approaches useful in studying the neurocircuitry of the brain and new therapeutic applications to brain disorders, but also presentations on what is working, what is not working, and how neural interface devices could work better. Some of these technologies have reached the commercial stage, and we have seen the success of deep brain stimulation therapy for movement disorders and the cochlear prosthesis. From what was presented at the NIC conference, this past year or two has seen new successful applications of neural interfaces to other nervous system disorders such as the limited restoration of a visual sense in those with profound blindness, and the volitional control of robotic devices that is allowing subjects with paralysis to manipulate complex objects in three dimensional space. Although these accomplishments are still in a nascent phase, their success will continue to inspire continued improvements that will bring us ever closer to clinical embodiments of these devices and to the realization of an underlying objective of this work: restoring useful function to those individuals who have lost function due to injury or disease, thereby enhancing the day-to-day quality of life of a significant segment of our population.
This issue of the Journal of Neural Engineering presents a few selected papers from the NIC that characterize work in specific areas of neuroengineering. An ongoing problem with neural probes has been the mismatch in compliance between the probe and the tissues in which the probes are implanted. Simon Giszter's lab describes properties of novel highly compliant 'Braided multi-electrode probes: mechanical compliance characteristics and recordings from spinal cords' that begin to address this problem. Kim et al also describe another approach to highly compliant cortical probes: '3D parylene sheath neural probe for chronic recordings'. Wark et al describe a high spatial density penetrating electrode array designed for small diameter peripheral nerves, and show that arrays with 25 electrodes per mm 2 can be implanted in rat sciatic nerve without crushing the nerve. Liang et al describe a hierarchical approach using intracranial EEG recordings as a means for detecting epileptic seizure onset. Zitella et al use computational modelling, another tool which is frequently used by neuroengineers, to explore and optimize deep brain stimulation of the pedunculopontine nucleus. Each of these reports offers new methods to improve our ability to intervene in the central nervous system and to eventually enhance clinical outcomes.
It is expected that President Obama's BRAIN initiative will create even more new opportunities for neuroengineers and neuroscientists to collaborate in the development of new tools and techniques that will facilitate their shared quest for new and greater understandings of not only the neuroanatomy and neurocircuitry that underlie brain organization and function, but also the disorganization and dysfunction that accompanies brain trauma and disease. From what we have seen at meetings like the NIC, the growing cadre of neuroengineers have 'jump-started' this initiative, and will continue to play a major role in our eventual 'Understanding of the Brain'.
